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(57) ABSTRACT 

A method for controlling an electronic control using a circuit 
that includes a damper capacitor. The method includes 
Substantially discharging the damper capacitor and enabling 
operation of the electronic control when the damper capaci 
tor is Substantially discharged. 
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METHOD AND APPARATUS FOR 
CONTROLLING AN ELECTRONIC 

CONTROL 

BACKGROUND OF INVENTION 

This invention relates generally to electronic controls and, 
more particularly, to watchdog circuits for electronic con 
trols. 
Known watchdog circuits use charge holding capacitors 

to protect appliances or other devices. Typically, a micro 
processor generates a pulse train signal on a designated 
watchdog pin. The pulse train Signal charges the capacitor, 
either directly or indirectly. AS long as the microprocessor 
generates the pulse train Signal, the Voltage acroSS the 
capacitor remains between an upper and a lower threshold, 
and the watchdog circuit enables normal operation of the 
electronic control that is controlling the appliance or other 
device. If the microprocessor Stops generating the pulse train 
Signal, the Voltage across the capacitor falls outside the 
thresholds, and the watchdog circuit disables normal opera 
tion of the electronic control. Known watchdog circuits use 
many components to keep the capacitor charged, thereby 
increasing the cost and decreasing the reliability of the 
circuit. 

SUMMARY OF INVENTION 

In one aspect, a method is provided for controlling an 
electronic control using a circuit that includes a damper 
capacitor. The method includes Substantially discharging the 
damper capacitor and enabling operation of the electronic 
control when the damper capacitor is substantially dis 
charged. 

In another aspect, a method is provided for controlling an 
electronic control using a circuit that includes a damper 
capacitor. The method includes charging the damper capaci 
tor and disabling operation of the electronic control when 
the damper capacitor is charged. 

In another aspect, an appliance is provided that includes 
a watchdog circuit. The watchdog circuit includes a damper 
capacitor and an electronic appliance control that is electri 
cally coupled to the watchdog circuit. The appliance control 
is operable when the damper capacitor is Substantially 
discharged, and inoperable when the damper capacitor is 
charged. 

In yet another aspect, a circuit is provided for controlling 
an electronic control. The circuit includes a damper capaci 
tor and is configured to enable operation of the electronic 
control when the damper capacitor is Substantially 
discharged, and disable operation of the electronic control 
when the damper capacitor is charged. 

In a further aspect, a circuit is provided for controlling an 
electronic control. The circuit includes a damper capacitor 
and a damper reset transistor that is electrically coupled to 
the damper capacitor. The damper reset transistor has a first 
reset mode and a Second reset mode, and is configured to 
Substantially discharge when the damper reset transistor is in 
the first reset mode. The damper capacitor is configured to 
charge when the damper reset transistor is in the Second reset 
mode. The circuit further includes an enable transistor that 
is electrically coupled to the damper capacitor and the 
electronic control. The enable transistor has a first enable 
mode and a Second enable mode, and is configured to remain 
in the first enable mode when the damper capacitor is 
Substantially discharged. The enable transistor is configured 
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2 
to remain in the Second enable mode when the damper 
capacitor is charged. The circuit is configured to enable 
operation of the electronic control when the enable transistor 
is in the first enable mode, and disable operation of the 
electronic control when the enable transistor is in the Second 
enable mode. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a circuit diagram illustrating one embodiment of 
a watchdog circuit. 

FIG. 2 is a flowchart illustrating one embodiment of a 
method for controlling an appliance control using the watch 
dog circuit of the present invention. 

FIG. 3 is a flowchart illustrating one embodiment of a 
method for controlling an appliance control using the watch 
dog circuit of the present invention. 

DETAILED DESCRIPTION 

FIG. 1 is a circuit diagram illustrating one embodiment of 
a watchdog circuit 10 for protecting an appliance 200. In one 
embodiment, watchdog circuit 10 protects an electric range 
oven (not shown), however, it will be understood that 
watchdog circuit may protect any appliance 200 that 
includes an electronic appliance control 300. Further, 
although watchdog circuit 10 is illustrated herein to protect 
an appliance, it will be understood that watchdog circuit 10 
may protect any device that includes an electronic control, 
and is not limited to appliances or appliance controls. In 
addition, although watchdog circuit 10 is illustrated herein 
as embedded within an appliance control, it will be under 
stood that watchdog circuit 10 may be embedded within any 
electronic control, or may be a separate component from the 
electronic control within the appliance or device. Watchdog 
circuit 10 includes a damper capacitor 12, a damper reset 
circuit 14, and an enable circuit 16, which is electrically 
coupled to damper capacitor 12. Damper reset circuit 14 is 
electrically coupled to a microprocessor 18 through a dif 
ferentiator 20 and a designated watchdog pin (not shown) on 
microprocessor 18, and electrically coupled to damper 
capacitor 12 through a resistor 22. Differentiator 20 includes 
a differentiator capacitor 24 that is electrically coupled in 
series to a resistor 26. Enable circuit 16 is electrically 
coupled to a power Source 28. 
Damper reset circuit 14 includes a damper reset transistor 

32 and a biasing resistor 34 that is electrically coupled in 
parallel with input (not shown) of damper reset transistor 32. 
Damper reset transistor 32 and biasing resistor 34 are 
electrically coupled to differentiator 20. Damper reset tran 
Sistor 32 has a first reset mode and a Second reset mode. The 
first reset mode allows electrical current to flow through 
damper reset transistor 32 while the Second reset mode 
prevents electrical current from flowing through transistor 
32. Enable circuit 16 includes an enable transistor 36, a 
biasing resistor 38, and a resistor 40. Biasing resistor 38 is 
electrically coupled in parallel with input (not shown) of 
enable transistor 36. Biasing resistor 38 and enable transistor 
36 are electrically coupled to damper capacitor 12 through 
resistor 40. Enable transistor 36 includes a first enable mode 
and a second enable mode. The first enable mode allows 
electrical current to flow through enable transistor 36 while 
the Second enable mode prevents electrical current from 
flowing through transistor 36. 

Although damper reset transistor 32 and enable transistor 
36 are illustrated and described herein as transistors, it will 
be understood that damper reset transistor 32 and enable 
transistor 36 are not limited to transistors. Rather, damper 
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reset transistor 32 and enable transistor 36 may be any 
electronic Switch that includes a first position that allows 
electrical current to flow through the Switch and a Second 
position that prevents electrical current from flowing 
through the Switch. 

In operation, microprocessor 18 monitors and controls the 
operation of appliance control 300, and appliance control 
300 monitors and controls the operation of appliance 200. 
When appliance control 300 is operating normally, micro 
processor 18 generates a pulse train Signal on a designated 
watchdog pin (not shown) and sends the pulse train signal to 
damper reset transistor 32. The pulse train Signal is AC 
coupled to damper reset transistor through differentiator 20. 
When biasing resistor 34 and damper reset transistor 32 
receive the pulse train signal, damper reset transistor 32 is 
biased in the first reset mode. When biasing resistor 34 and 
damper reset transistor 32 do not receive the pulse train 
Signal, damper reset transistor 32 is biased in the Second 
reset mode. Upon rising edge occurrence from the Signal, 
damper reset transistor 32 momentarily Switches to the first 
reset mode from the Second reset mode, thereby allowing 
electrical current to flow through damper reset transistor 32 
from voltage source 28. The flow of electrical current 
through damper reset transistor 32 from Voltage Source 28 
causes damper capacitor 12 to Substantially discharge any 
Voltage that has built up acroSS damper capacitor 12. Thus, 
when damper reset transistor 32 is continuously receiving 
the pulse train Signal from microprocessor 18, damper reset 
transistor 32 is repeatedly Switching from the Second reset 
mode to the first reset mode and damper capacitor 12 is 
repeatedly discharging, thereby remaining Substantially dis 
charged. When damper capacitor 12 is Substantially 
discharged, damper capacitor 12 and biasing resistor 38 bias 
enable transistor 36 in the first enable mode, thereby allow 
ing electrical current to flow through enable transistor 36. 
When damper capacitor 12 is charged, damper capacitor 12 
and biasing resistor 38 bias enable transistor 36 in the second 
enable mode. The flow of electrical current through enable 
transistor 36 enables operation of appliance control 300. 
Thus, when damper reset transistor 32 continuously receives 
the pulse train Signal from microprocessor 18, appliance 
control 300 is operable. When appliance control 300 is 
operable, appliance 200 is thereby also operable. For 
example, when appliance control 300 is operable, at least 
one device 42 that appliance control 300 controls is oper 
able. Devices 42 may include, but are not limited to, relayS, 
Solenoids, motors, and lamps. 
When appliance control 300 is operating abnormally, 

microprocessor 18 Stops generating and Sending, or 
interrupts, the pulse train Signal to damper reset transistor 
32. As a result, damper reset transistor 32 remains in the 
Second reset mode and damper capacitor 12 charges with 
Voltage from power Source 28 and through biasing resistor 
38 and resistor 40. Once damper capacitor 12 is fully 
charged, damper capacitor 12 no longer biases enable tran 
sistor 36 in the first enable mode and enable transistor 36 
Switches to the Second enable mode. The Second enable 
mode inhibits electrical current from flowing through enable 
transistor 36, thereby disabling operation of appliance con 
trol 300. When appliance control 300 is disabled, appliance 
200 is thereby also disabled. For example, when appliance 
control 300 is disabled, devices 42 are also disabled. 

In one embodiment, to ensure normal operation of watch 
dog circuit 10, the discharge time constant, determined by 
multiplying the resistance of resistor 22 by the capacitance 
of damper capacitor 12, is approximately five to ten times 
Smaller than the charge time constant, determined by mul 
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4 
tiplying the resistance of resistor 40 by the capacitance of 
damper capacitor 12. 

FIG. 2 is a flowchart 60 illustrating one embodiment of a 
method 62 for controlling appliance control 300 using 
watchdog circuit 10 (shown in FIG. 1). 
Method 62 includes generating 64 a pulse train Signal 

from microprocessor 18 (shown in FIG. 1) to damper reset 
circuit 14 (shown in FIG. 1), sending 66 the pulse train 
Signal from microprocessor 18 to damper reset transistor 32 
(shown in FIG. 1) through differentiator 20 (shown in FIG. 
1), and biasing 68 damper reset transistor 32 to the first reset 
mode. Method 62 further includes operating 70 damper reset 
transistor 32 in the first reset mode, Substantially discharging 
72 damper capacitor 12 (shown in FIG. 1), and biasing 74 
enable transistor 36 (shown in FIG. 1) to the first enable 
mode using damper capacitor 12. Still further, method 62 
includes operating 76 enable transistor 36 in the first enable 
mode, enabling 78 operation of appliance control 300, and 
enabling 80 operation of the appliance 200. 

FIG. 3 is a flowchart 90 illustrating another embodiment 
of a method 92 for controlling appliance control 300 using 
watchdog circuit 10 (shown in FIG. 1). Method 92 includes 
interrupting 94 a pulse train Signal from microprocessor 18 
(shown in FIG. 1) to damper reset circuit 14 (shown in FIG. 
1), operating 96 damper reset circuit 14 in the Second reset 
mode, and charging 98 damper capacitor 12 (shown in FIG. 
1). Method 92 further includes operating 100 enable circuit 
16 in the second enable mode, disabling 102 operation of 
appliance control 300, and disabling 104 operation of appli 
ance 200. 

The term microprocessor, as used herein, also refers to 
microcontrollers, reduced instruction set circuits (RISC), 
application specific integrated circuits (ASICs), logic 
circuits, computers, PLCs, and any other circuit or processor 
capable of executing the functions described above. 
While the invention has been described in terms of 

various specific embodiments, those skilled in the art will 
recognize that the invention can be practiced with modifi 
cation within the Spirit and Scope of the claims. 
What is claimed is: 
1. A method for controlling an electronic control using a 

circuit including a damper capacitor, Said method compris 
ing: 

Substantially discharging the damper capacitor, and 
enabling operation of the electronic control when the 

damper capacitor is Substantially discharged. 
2. A method in accordance with claim 1 wherein the 

circuit includes a damper reset circuit electrically coupled to 
the damper capacitor, the damper reset circuit comprises a 
first reset mode and a Second reset mode, and Said Substan 
tially discharging the damper capacitor comprises operating 
the damper reset circuit in the first reset mode. 

3. A method in accordance with claim 1 wherein the 
circuit includes an enable circuit electrically coupled to the 
damper capacitor and the electronic control, the enable 
circuit comprises a first enable mode and a Second enable 
mode, and Said enabling operation of the appliance control 
comprises operating the enable circuit in the first enable 
mode. 

4. A method in accordance with claim 2 wherein the 
circuit includes a microprocessor electrically coupled to the 
damper reset circuit, and Said operating the damper reset 
circuit in the first reset mode comprises generating a pulse 
train Signal from the microprocessor to the damper reset 
circuit. 
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5. A method in accordance with claim 4 wherein the 
damper reset circuit includes a differentiator and an elec 
tronic reset Switch, the differentiator electrically coupled to 
the microprocessor and the reset Switch, and Said generating 
a pulse train Signal from the microprocessor to the damper 
reset circuit comprises Sending the pulse train Signal from 
the microprocessor to the reset Switch through the differen 
tiator. 

6. A method in accordance with claim 5 wherein the 
damper reset Switch is a transistor. 

7. A method in accordance with claim 5 wherein the 
damper reset circuit includes a biasing resistor electrically 
coupled to the reset transistor, the reset transistor comprises 
a first reset mode and a Second reset mode, Said Substantially 
discharging the damper capacitor comprises operating the 
reset transistor in the first reset mode, and Said method 
further comprises biasing the reset transistor to the first reset 
mode. 

8. A method in accordance with claim 3 wherein the 
enable circuit includes an electronic enable Switch, the 
enable Switch comprises a first enable mode and a Second 
enable mode, Said enabling operation of the electronic 
control comprises operating the enable Switch in the first 
enable mode, and Said Substantially discharging the damper 
capacitor comprises biasing the enable transistor to the first 
enable mode using the damper capacitor. 

9. A method in accordance with claim 8 wherein the 
electronic enable Switch is a transistor. 

10. A method for controlling an electronic control using a 
circuit including a damper capacitor, Said method compris 
ing: 

charging the damper capacitor; and 
disabling operation of the electronic control when the 
damper capacitor is charged. 

11. A method in accordance with claim 10 wherein the 
circuit includes a enable circuit electrically coupled to the 
damper capacitor and the electronic control, the enable 
circuit comprises a first enable mode and a Second enable 
mode, and Said disabling operation of the electronic control 
comprises operating the enable circuit in the Second enable 
mode. 

12. A method in accordance with claim 10 wherein the 
circuit includes a damper reset circuit electrically coupled to 
the damper capacitor, the damper reset circuit comprises a 
first reset mode and a Second reset mode, and Said charging 
the damper capacitor comprises operating the damper reset 
circuit in the Second reset mode. 

13. A method in accordance with claim 12 wherein the 
circuit includes a microprocessor electrically coupled to the 
damper reset circuit, and Said operating the damper reset 
circuit in the Second reset mode comprises interrupting a 
pulse train Signal from the microprocessor to the damper 
reset circuit. 

14. An appliance comprising: 
a watchdog circuit comprising a damper capacitor; and 
an appliance control electrically coupled to Said watchdog 

circuit, Said appliance control operable when Said 
damper capacitor Substantially discharged, and 

inoperable when Said damper capacitor charged. 
15. An appliance in accordance with claim 14, Said 

watchdog circuit further comprising an electronic enable 
Switch electrically coupled to Said damper capacitor and Said 
appliance control, Said enable Switch having a first enable 
mode and a Second enable mode and biased to Said first 
enable mode when Said damper capacitor Substantially 
discharged, Said appliance control operable when said 
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6 
enable Switch in Said first enable mode, and inoperable when 
Said enable Switch in Said Second enable mode. 

16. An appliance in accordance with claim 14, Said 
watchdog circuit further comprising an electronic damper 
reset Switch electrically coupled to Said damper capacitor, 
and a biasing resistor, Said damper reset Switch having a first 
reset mode and a Second reset mode, Said damper capacitor 
configured to remain Substantially discharged when Said 
damper reset Switch in Said first reset mode, and configured 
to charge when said damper reset Switch in Said Second reset 
mode. 

17. An appliance in accordance with claim 16, Said 
watchdog circuit further comprising a differentiator electri 
cally coupled to Said damper reset Switch, Said appliance 
further comprising a microprocessor electrically coupled 
to said differentiator, Said microprocessor configured to Send 
a pulse train Signal to Said damper reset Switch through Said 
differentiator, Said biasing resistor configured to bias Said 
damper reset Switch to Said first reset mode when Said 
damper reset Switch receives Said pulse train signal. 

18. An appliance in accordance with claim 17, Said 
differentiator comprising a differentiator capacitor electri 
cally coupled to a differentiator resistor. 

19. A circuit for controlling an electronic control, Said 
circuit comprising: 

a damper capacitor, Said circuit configured to enable 
operation of the electronic control when Said damper 
capacitor Substantially discharged, and disable opera 
tion of the electronic control when said damper capaci 
tor charged. 

20. A circuit in accordance with claim 19 further com 
prising an enable circuit electrically coupled to Said damper 
capacitor, Said enable circuit having a first enable mode and 
a Second enable mode, Said enable circuit configured to 
remain in Said first enable mode when Said damper capacitor 
Substantially discharged, and configured to remain in Said 
Second enable mode when Said damper capacitor charged. 

21. A circuit in accordance with claim 20 wherein said 
enable circuit comprises an electronic enable Switch. 

22. A circuit in accordance with claim 19 further com 
prising a damper reset circuit electrically coupled to Said 
damper capacitor, Said damper reset circuit having a first 
reset mode and a Second reset mode, Said damper capacitor 
configured to Substantially discharge when Said damper reset 
circuit in Said first reset mode, Said damper capacitor con 
figured to charge when Said damper reset circuit in Said 
Second reset mode. 

23. A circuit in accordance with claim 22, Said damper 
reset circuit comprising an electronic damper reset Switch 
and a biasing resistor, Said biasing resistor configured to bias 
Said damper reset circuit to Said first reset mode. 

24. A circuit in accordance with claim 21 wherein Said 
electronic enable Switch a transistor. 

25. A circuit in accordance with claim 23 wherein said 
electronic damper reset Switch a transistor. 

26. A circuit for controlling an electronic control, Said 
circuit comprising: 

a damper capacitor, 
a damper reset transistor electrically coupled to Said 
damper capacitor, Said damper reset transistor having a 
first reset mode and a Second reset mode, Said damper 
capacitor configured to Substantially discharge when 
Said damper reset transistor in Said first reset mode, Said 
damper capacitor configured to charge when Said 
damper reset transistor in Said Second reset mode, and 

an enable transistor electrically coupled to Said damper 
capacitor and the electronic control, Said enable tran 
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Sistor having a first enable mode and a Second enable 
mode, Said enable transistor configured to remain in 
Said first enable mode when Said damper capacitor 
Substantially discharged, Said enable transistor config 
ured to remain in Said Second enable mode when Said 
damper capacitor charged, Said circuit configured to 
enable operation of the electronic control when Said 
enable transistor in Said first enable mode, Said circuit 

8 
configured to disable operation of the electronic control 
when Said enable transistor in Said Second enable mode. 

27. A circuit in accordance with claim 26 further com 
prising a biasing resistor configured to bias Said damper 
reset transistor to Said first reset mode. 
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